. Ma-pping the value of ecosystem services: a case study from the Austrian Alps. Ann. For. Res. 58(1): 157-175.
Introduction
Natural ecosystems provide a multitude of benefi ts to human society (MEA 2005) , such as natural resources (food, water, wood for construction and for bio-energy, fodder and medicinal plants), pollination, clean water provision, protection against natural risks (landslides, fl ooding, rockfalls and avalanches), carbon sequestration and storage, tourism and recreation (Fisher et al. 2009 , Vihervaara et al. 2010 . At the end of '70 years, Westman (1977) asserted that the comprehensive value of benefi ts that ecosystems provide -defi ned as nature's services -could potentially be accounted in order to better address policy and management decisions. Afterwards, the concept of ecosystem services (ES) was fi rst introduced in the early '80 by Ehrlich and Ehrlich (1981) . Subsequently, during the '90 years the ES concept has been established in the scientifi c debate due to several authors that applied this concept through different perspectives of analysis (Mooney & Ehrlich 1997 , Vitousek et al. 1997 . With the Millennium Ecosystem Assessment (MEA) in 2005 the concept achieved a breakthrough also beyond the scientifi c discourse. For the MEA (2005) , ES are considered the conditions and processes through which natural ecosystems sustain and fulfi l human life (Daily 1997 ) and the benefi ts human populations derive, directly or indirectly, from ecosystem functions (Costanza et al. 1997) .
In the last decade -under the impulse of the Millennium Ecosystem Assessment (MA, 2005) and the Economics of Ecosystems and Biodiversity (TEEB 2010) initiative -the ES were integrated in the EU political agenda (environmental, agricultural and biodiversity policies) . In particular, the EU Biodiversity Strategy 2020 integrated the sustainable use of ES for economic growth with a non-utilitarian conservation approach (EC 2011) .
The MEA classifi ed the ES based on their functions in four categories: (1) provisioning services, referring to the goods that can be harvested such as food, timber, fodder, water provision, (2) regulating services, considering the role of ecosystem in the regulation of ecological processes (i.e. water and climate regulation), (3) cultural services, involving the non-material benefi ts provided by ecosystems (i.e. recreational opportunities, cultural and spiritual values), and (4) supporting services such as plant production and nutrient cycling. Subsequently, De Groot et al. (2010) reclassifi ed ES replacing supporting services with habitat services (i.e. nursery habitat, gene pool protection). This reclassifi cation of ES which excluded the supporting services has been designed to prevent double counting (Hein et al. 2006) . Referring to Eade and Moran (1996) , in the decisions related to the natural resources management two key-aspects must be taken into account with special regards on different ES categories (Eade & Moran 1996) : the economic value of the benefi ts provided by ES and the spatial distribution of these benefi ts.
Still today, the economic value of ecosystem goods and services are often little considered in decision making due to a lack of awareness of the attributed values for human well-being (Grêt-Regamey et al. 2008) . Nevertheless, problems exist to defi ne their exact value, for instance to compare exploitation and conservation costs of natural resources on the long term. In order to overcome this limit, many methods have been developed and applied for assessing the economic values of different ES (Mitchell & Carson 1989 , Hanemann 1994 , Garrod & Willis 1999 , Rosenberger & Loomis 2001 . These methods -i.e. contingent valuation, choice experiment -allow the assignment of a monetary value to ES without a market, such as climate and water regulation, protection against natural risks, and biodiversity (Heal et al. 2005) . Valuing ES is extremely benefi cial for improving the standard national accounting. The "System of National Accounts" (SNA) -introduced in the early 50's -is nowadays thought to be too weak for describing the real status of the national assets. In particular, the focus of the criticism is related to the environmental resources, which are undervalued by SNA but they have a great importance in the framework of sustainability. In the recent decades, it was pointed out that integrating SNA with environmental considerations may be useful for highlighting the interactions between the economic system and the environment (Scarpa 1993) and understand how natural capital is depleted by economic activities. The evaluation of non-market benefi ts of forest ES goes in this direction, providing additional information to better understand the worth of natural capital of a region, which is not only given by the marketable goods but also by passive use and non-use values (Adamowicz et al. 1998) . The new approach of the green accounting, foresees that any change in the stock of natural resources should be carefully considered, because it affects the future generation of both market and non-market benefi ts.
ES are not homogeneous across landscapes nor in space (Fisher et al. 2009 ). In other words, ES are linked to the spatial dimension of the defi ned zone in which those services are provided (Busch et al. 2012) . The quantifi cation and mapping of ES is considered a fundamental requirement for planning at the landscape scale (i.e. land use changes, renewable energies development, silvicultural treatments) (Hauck et al. 2013) . The approaches and indicators used for a spatial mapping of ES has been documented in detail by literature reviews , Martínez-Harms & Balvanera 2012 .
Starting from these considerations, the main objective of the paper is to develop a useful method to provide accurate and detailed information about the spatial distribution of the benefi ts provided by ES to the society. The spatial distribution of the fl ow of benefi ts supplied by ES provides important information to support the decision makers (i.e. planners and managers) in the defi nition and implementation of the landscape planning strategies in the different areas. Besides, the economic evaluation of ES can provide information to understand the worth of natural capital following the green accounting approach. In a fi rst stage of the work, the main ecosystem goods and services supplied by forests and grasslands were evaluated from the economic point of view using the appropriate economic valuation methods. In the second stage, the values of ES were made spatially explicit using a Geographical Information System approach (in a Quantum-GIS environment) and taking into account the ecological characteristics of each ecosystem service. The proposed method was applied in a case study in Austria. The test region is the Leiblachtal in Vorarlberg, involved in the Recharge.green project (Alpine Space Programme), which is aiming at reconciling ecosystem services, biodiversity and soil functions with an increasing use of renewable energies (hydropower, solar, wind and wood biomass).
Materials and methods

Study area
The study area Leiblachtal (47° 33′ 21″ N, 9° 45′ 11″ E) is located in the north-western part of Vorarlberg (Austria), near the border with Germany ( Figure 1 ). Subdivided in fi ve municipalities (Lochau, Hörbranz, Hohenweiler, Möggers and Eichenberg), the study area has a population of approximately 14,000 inhabitants and 5,200 households. The total area of the Leiblachtal (51 km 2 ) consists of 48.9% forests (2,497 ha), 39.5% grasslands (2,017 ha), 4.1% agricultural crops (208 ha) and 7.5% urban area (381 ha).
About forests, the main forest types are Norway spruce (Picea abies (L.) H. Karst), silver fi r (Abies alba Mill.) and European beech (Fagus sylvatica L.) mixed forests (75.3%), fol-lowed by pure Norway spruce forests (13.6%) and the mixed broadleaves coppices (4.5%). Considering the tree species composition, mixed forests cover 1,880 ha, pure conifer forests cover 429 ha, while pure broadleaves forests cover the remaining 188 ha which can be found in the lower valley area.
About grasslands, in the Leiblachtal there are 180 farms (23% farms without livestock and 77% farms with livestock) for a total of around 3,700 cattle, 270 sheep and goats, 1,400 pigs, 80 horses and 4,300 chickens. Livestock Units (LUs) in the study area are 4,783 (Rücker 2013) . Pasture areas are located at the highest altitude, while meadows and agricultural crops are near to urban areas in the low part of the valley.
The Leiblachtal area is characterized by forest and agricultural activities, followed by tourism which is focused on 580 thousand daily tourists per year (target period from March 2012 to March 2013) (Seidel et al. 2013 to maintain some good in existence (Bateman et al. 2002) . The latter category includes the option values -potential future use of the resource -and the existence values that include bequest, stewardship, and benevolence motives (Pak et al. 2010) . Capturing these different values is possible using economic valuation methods.
In the present research, three categories of ES were evaluated from the economic point of view (provisioning, regulating and cultural services), while supporting services were not included in order to avoid double counting of value (Hein et al. 2006) . The main benefi ts provided by forest and grassland ES were evaluated using different economic valuation methods (such as market price, replacement cost method and benefi t transfer method) and the estimated benefi ts were made spatially explicit.
The ES considered in the analysis and the economic valuation methods used are in Table  1 . The economic valuations of all benefi ts derived from ES have been made in reference to the year 2012. In particular, the provisioning services -timber, fuelwood, and non-wood forest products (direct consumptive uses) -were evaluated by market prices, while the cultural services -outdoor recreation (direct non-consumptive use) -were evaluated through the Benefi t Transfer (BT) method. Instead, the regulating services (indirect use-values) were evaluated using different economic valuation methods: the market price for the carbon storage and the replacement cost method for the protection against natural hazards.
Provisioning services. The provisioning services supplied by forests considered in the case study were: timber, fuelwood, non-wood forest products (NWFP).
In the Leiblachtal, the wood forest production is quite important for the local economy. The standing stock is 390 m 3 /ha with an annual increment equal to 12.5 m 3 /ha year (Seidel et al. 2013 ). The annual harvesting rate is about 85% of annual increment (10.7 m 3 /ha). The timber and fuelwood production were estimated considering the local market price and the harvested volume subdivided by forest types. In the study area, the annual wood production is about 26.5 million of m 3 per year and around 60% of harvesting volume is commercial timber, while the remaining 40% is used for energy purpose (fuelwood). The average price of timber varies between 65 and 150 €/m 3 in consideration of the tree species and quality of wood (low, medium and high quality of wood), while the price of fuelwood is around 150 €/t with small changes due to the calorifi c value of the tree species.
Ecosystem goods and services and economic valuation methods used in the Leiblachtal study area 
Benefi t transfer method
Outdoor recreation (hiking, walking, picnicking, etc.) Benefi t transfer method NWFP were assessed considering the main products supplied by the Alpine forests: hunting products (meat, trophy and skin), berries (bilberries and raspberries) and mushrooms. The economic value of hunting products was calculated starting from the data of animals hunted (ungulates, other mammals and birds) in a target year (2012) in the Leiblachtal area. Three components were considered: meat for all comestible animals, skin for all ungulates, and trophy only for the male of ungulates (red deer, roe deer and chamois).
The quantity of berries and mushrooms collected were accounted taking into account the household in the study area (5,200 households), while the tourists (around 582,000 tourists) were excluded from this analysis because in the Leiblachtal this tourism activity is quite limited. The direct analysis of the importance of NWFP collection for inhabitants realized by Šišak (2006) in Czech Republic shows that the average annual amount of collected NWFP by householders is: mushrooms 5.36 kg/household, bilberries 2.61 kg/household, raspberries 1.00 kg/household. Besides, considering empirical data on outdoor activities by Wilhelmsen (2009) in Norway the amount of collected NWFP was calculated only for one third of the households. The economic values of these products were calculated multiplying these quantities for the local prices (7.5 €/kg for mushrooms, 10 €/ kg for both berries). The data assessed in another European countries were used because there are no specifi c data on the annual amount of collected NWFP by householders in Vorarlberg region. Moreover, the approach used in Czech Republic and in Norway are transferable because forest types, mushroom species and forest accessibility to the householders are similar to those in this case study.
The estimated provisioning services supplied by grasslands were: hay production in meadows and livestock in pasture areas. The economic value of hay production was evaluated considering the annual hay production (about 10,000 dry kg/ha derived by 4-5 cuts per year) and the local price of hay (0.14 €/dry kg). The value of livestock grazing in the pasture areas was estimated taking into account the Livestock Units (LUs) per hectare and an average price of 550 €/LUs.
Regulating services. The regulating services considered in this study are the protection against natural hazards and the carbon storage in the vegetation and deadwood. These two ES were evaluated both for forests and for grasslands.
Protection against natural hazards. The protection against natural hazards -such as soil erosion, landslides, rockfalls and avalanches (Dorren et al. 2004 ) -was estimated through the replacement cost approach (Freeman III 2003) . This approach assesses the cost incurred by replacing forests and grasslands with artifi cial substitutes (Dixon et al. 1997 ). The artifi cial substitutes are chosen distinguishing between direct and indirect protection (Notaro & Paletto 2012) . According to the third Ministerial Conference for the Protection of Forests in Europe (Lisbon 1998), indirect protection can be defi ned as the prevention of soil erosion and regulation of water fl ow, while direct protection involves safeguarding human life and activities from natural risks (Motta & Haudemand 2000 , Notaro & Paletto 2012 . The replacement cost method has been used to estimate the protective function of forests and grasslands, using the prices of artifi cial substitutes of public engineering works in South Tyrol (year 2012), being a good proxy for the Vorarlberg area, where such a price list is not available. The total costs of carrying out and maintaining the different artifi cial substitutes -distinguishing for land use (forest and grassland) and type of protection (direct and indirect protection) -were taken into account to calculate an annual cost per unit area (hectare). In particular, the artifi cial substitutes chosen were: (1) seeding for the indirect protection provided by grasslands (lifetime of 15 years), (2) hydro-seeding 1) for the indirect protection provided by forests (lifetime of 15 years), and (3) a simple palisade for the direct protection provided by forests (lifetime of 35 years). The costs of simple palisades were estimated considering soil preparation, modelling of the slope, provision and storage of all materials (e.g. local larch wood with a diameter 12-20 cm). According to the bio-engineering guidelines the total cost per hectare was calculated assuming a linear development of 50 m for a total number of 46 rows of simple palisade (spacing between rows of 2.5 m). For the annual cost calculation, a conservative interest rate was chosen and fi xed at 2%, according to Freeman III´s (2003) ranges. According to Notaro & Paletto (2012) the annuity for each bio-engineering work was calculated using this formula:
where A -the annuity, C -the total setting up costs (€), r -the environmental discounting rate (%), t -the lifetime (number of years) and M -the maintenance costs (€).
Carbon storage. The procedure used to estimate the quantity of carbon stored in forests follows the For-Est approach (Federici et al. 2008 ), based on the IPCC "Good Practice Guidance for Land use, land-use Change and Forestry" (IPCC 2003) . The annual forest capacity to transform atmospheric carbon into biomass was estimated considering three carbon pools: above-ground biomass, belowground biomass and deadwood. The other two carbon pools (litter and organic matter in the soil) were not considered as the changes in the annual increment of carbon stock are negligible.
1) Hydro-seeding is a planting process that uses a slurry of seed and mulch and which is applied in the slopes subject to soil erosion, while the simple palisade is a work of bioengineering in local larch wood (diameter 12-20 cm) and mixed grass used to cover the soil (Notaro & Paletto 2012 ).
The formula used to estimate the economic value of carbon storage in living forest biomass (above-ground and below-ground biomass) is the following:
where: V c -value of carbon storage in above-ground and below-ground biomass (€); I -annual volume increment (m 3 /ha year); BEF -biomass expansion factor (usually forest volume is referred to stem volume, and the expansion factor accounts for components such as branches, and leaves); WBD -wood basal density (kg/m 3 ); R -roots/shoot ratio; 0.5 -coeffi cient of carbon content; 3.67 -coeffi cient from C to CO 2 p c -carbon price of the voluntary carbon market (€/tCO 2 ).
Additionally, the carbon storage in non-living forest biomass (standing dead trees and lying deadwood with a minimum diameter of 5.0 cm) was quantifi ed considering the data of the last Austrian National Forest Inventory (NFI17). The mean volume of deadwood in the Alpine regions of Austria is 23.8 m 3 /ha (around 51% standing dead trees and 49% lying deadwood), this value is highest than the mean national value that is around 20 m 3 /ha (BFW 2011). The volume data were used to calculate the carbon content through the values of basal density per decay class, tree species and component (i.e. standing dead trees and lying deadwood) by Di Cosmo et al. (2013) , and the standard carbon factor equal to 0.5 (Coomes et al. 2002) . Starting from these data of carbon stock, the economic fl uxes in deadwood carbon pool were estimated taking into account the distribution of the volume per decay classes (using a fi ve-classes system) and the decomposition time rate of each decay class (Degiampietro 2014) .
The capacity of grasslands to act as net carbon sinks may result from the continuous
turnover of biomass and stable storage of this organic matter in soil (Schulze et al. 2000) . The amount of carbon stored in grasslands depends on climatic condition, site features and management strategies. Considering as key variable of carbon fl ux the management strategies, Rogiers et al. (2005) estimate for the entire growing season that the net carbon loss in the managed meadow is 79 ± 17 g C/m 2 and in the pasture 270 ± 24 g C/m 2 . The economic evaluation of carbon storage in grasslands was conducted applying the voluntary carbon market price to these values of carbon fl uxes.
The economic evaluation of carbon storage in grasslands was conducted applying the voluntary carbon market price to these carbon fl uexs.
Cultural services.Cultural services supplied by forests can be defi ned as non-material benefi ts that people obtain from forests through spiritual enrichment, cognitive development, recreation and aesthetic experience . In the present study, we focused on the outdoor recreation in mountain areas such as hiking, walking, picnicking, jogging and landscape viewing. The outdoor recreation was evaluated using the Benefi t Transfer (BT) method. BT method consists in examining the results of surveys undertaken in specifi c contexts ("study site") and transferring them to similar unstudied situations of interest for policy making defi ned "policy site" (Bergstrom & De Civita 1999 , Wilson & Hoehn 2006 . BT method is a well-developed method in USA and Canada to value an environmental good or service in cases in which the resources needed to obtain primary data are missing. Subsequently, this method is becoming popular in Europe because it is a good alternative to fi eld surveys. Primary studies are expensive, in terms of both money and time, and their implementation is not always feasible. BT method is a cost-effective approach in case of budget constraints, time limitations and resource impacts that are expected to be low (Rosenberger & Loomis 2001) . However, the estimates are necessarily less accurate, so that it is regarded as a "second best" strategy (Bartczak et al. 2008) . The economic value estimated in the "study site" can be transferred to the "policy site" either as monetary units (value transfers) or as a function (function transfers) that defi nes the attributes of an ecological and economic choice setting (Loomis 2005) . Value transfers can be applied considering a single benefi t estimate from a specifi c study site, or a measure of central tendency for several benefi t estimates in many study sites. While the function transfers consider the transfer of a demand function from a study site, or a meta regression analysis function derived from several study sites (Rosenberger & Loomis 2001) . In this research, we used the average value transfer method, considering the previous studies related to the recreation in mountain forests in Europe. The accuracy of this method depends on the errors contained in the original studies, part of which could be transferred when the BT method is applied. In order to limit the transfer of this error, outdoor recreation was estimated through a literature analysis focused on the outdoor activities in forests (i.e. hiking, walking, picnicking, jogging and landscape viewing). This analysis collected 28 papers published between 1977 and 2012 (Grilli et al. 2014) . The meta-analysis includes only European mountain forests as study sites, motivated by the necessity to compare values related to sites with similar altitude, forest tree composition and touristic target, in compliance with the prescriptions made by Boyle and Bergstrom (1992) . The economic values of outdoor recreation were estimated and transferred distinguishing between two variables: forest types (mixed forests, pure conifer forests and pure broadleaves forests) and altitude (above and below 1,000 m a.s.l.). These variables were considered because they are related to the tourist attractiveness of an area . Consequently, the average values were calculated for the following types of forests: mixed forests below (number of study sites=5) and above 1,000 m a.s.l. (number of study sites=6); pure broadleaves forests below (number of study sites=6) and above 1,000 m a.s.l. (number of study sites=2); pure conifer forests below (number of study sites=3) and above 1,000 m a.s.l. (number of study sites=6). Such a distinction is useful in order to achieve differences in the spatial location of the recreational value taking into account the tourist attractiveness of an area.
Due to the high variability of the years of the studies collected (from 1977 to 2012), the monetary quantities of the past years were actualized to 2012, before calculating the average value to be transferred, through a social interest rate of 1%. The formula for discounting is:
where V p is the current value in 2012, V it0 is the value of the 1-th site estimated in the year of the study, r is the social rate of discount and t represent the number of years.
Also the outdoor recreation in grasslands was estimated using the method of average value transfer considering other studies realized in Europe (Notaro et al. 2008 , Hönigová et al. 2012 ).
Spatial approach
The economic values of the benefi ts provided by ES were made spatially explicit taking into account the ecological characteristics of each ecosystem service and using a Geographical Information System approach (Quantum-GIS). Thereby we aim at reproducing causal relationships between primary and secondary environmental variables and specifi c ES. The methodological framework used for mapping ES is shown in Figure 2 . A set of thematic layers representing key variables was used. The layers were overlapped to analyse the spatial distribution of ES benefi ts. The used key variables were: (1) land uses, distinguishing among forests, pastures, meadows, agricultural crops and settlements; (2) forest types, distinguishing among pure conifer forests, pure broadleaved forests and mixed forests; (3) altitude, distinguishing between areas above and below 1,000 m a.s.l.; (4) forest tracks and paths network; (5) hydrographic network (rivers and streams); (6) type of forest protection (direct or indirect protection).
The map of land uses was used to distinguish the areas to be evaluated (forests and grasslands) from others (urban areas and agricultural crops). Also according with the categorization of ES shown in Table 1 (provisioning, regulating and cultural services), thematic layers were combined by using an overlay procedure. The resulting map is characterized by a number of polygons which express the values of the ES supply.
Regarding the provisioning services, the spatial distribution of timber and fuelwood was accounted considering the different forest types. For hunting products and mushrooms the values were assigned to all forest area, while bilberries and raspberries values were attributed only to the forest types with Vaccinium myrtillus (L.) and Rubus idaeus (L.) in the shrub layer. The provisioning services provided by grasslands were distinguished between meadows (hay production) and pasture (livestock).
Regarding to the regulating services, the carbon storage was mapped considering the difference among forest types. The value of indirect protection against natural hazards was assigned to the buffer of the rivers and streams (indirect protection), while the value of the landslides protection was attributed only to the direct protective forests. According to Hawes and Smith (2005) a buffer of the river width 30 m was used (15 m for side). The value of carbon storage in grasslands was assigned distinguishing between pastures and meadows.
Regarding to the cultural services, according to Casado-Arzuaga et al. (2014) the value of outdoor recreation was mapped taking into ( )
account two main components: the recreation potential and the recreation opportunity. The recreation potential is strictly linked to the territorial features associated with attractiveness for forest recreational activities. In this paper -according to Paletto et al. (2013) -two key variables have been used to assess the recreation potential: forest type and altitude (above and below 1,000 m a.s.l.). The recreation opportunity considers the infrastructure that was in place to host or guide the visitors such as forest tracks and paths network. Consequently, the value attributed to each individual forest polygon is the compromise between recreation potential and recreation opportunity. Moreover, the forest areas with a high recreational value were identifi ed using a topographical map by 19 local stakeholders. Local stakeholders were identifi ed considering their expertise and knowledge of local context. Consequently, the outdoor recreational values derived by meta-analysis have been applied only in the areas with high recreational values following the statements made by stakeholders. The value of outdoor recreation in grasslands was calculated assuming a constant value for the whole area.
Results and discussion
Economic values of ES
Provisioning services. Timber, fuelwood and NWFP. The valuation of the ES supplied by forests shows that the provisioning services (timber, fuelwood and NWFP) have a high economic importance in Leiblachtal study area. The annual gross value of timber production was estimated in 423 €/ha year for mixed forests and in 118 €/ha year for the pure conifer forests. The gross value of fuelwood production was 231 €/ha year in mixed forests, 49 €/ha year in pure conifer forests, and 62 €/ha year in pure broadleaves forests. The quite high gross values of wood production in Leiblachtal study area are due to the high harvesting rate (85% of the annual increment) Graphical representation of the methodological framework to map the spatial distribution of ES Figure 2 and the discrete quality of wood. Regarding to the differences among forest types, several studies confi rm that the mixed forests are more productive than pure forests because there is a positive relationship between tree stand diversity and wood production (Caspersen & Pacala 2001 , Paquette & Messier 2011 .
Taking into account the average harvest costs including labour (20-25 €/m 3 depending on tree species and site conditions - Seidl et al. 2007) , the net value of wood production is little more than three-quarters of the gross value (around 380 €/ha year timber and 240 €/ha year fuelwood).
The annual value of NWFP was estimated in 101 €/ha year, while the total value for Leiblachtal study area is around 252 thousand €. In particular, the total annual amount of mushrooms collected by householders in Leiblachtal is 11,150 kg for an economic value of 33.5 €/ ha year; this value is comparable with those reported by Martínez de Aragón et al. (2011) in Catalonia. The total annual quantity of berries collected by householders is 5,430 kg of bilberries and 2,080 kg of raspberries. Starting from these data, the potential economic value of bilberries is 21.7 €/ha year and of raspberries is 8.3 €/ha year.
The total value of hunting products is 37.5 €/ ha year (93,488 € per year) of which 51% corresponds meat, 44% corresponds trophy and 5% corresponds skin (Table 2 ). This value is quite low in comparison to the values of berries and mushrooms. Other studies in Europe show values of hunting products between 5 €/ha year and 10 €/ha year (Goio et al. 2008 , Hein 2011 .
Hay production and livestock. Considering the number of cuts per year and the average cut hay production, the total value of this category of provisioning service is 232,764 € per year (1,400 €/ha of grasslands year). The gross yield of hay production in Leiblachtal study area has a high value if compared with the other ecosystem goods and services. Fontana et al. (2013) estimated a gross yield of 1,080 €/ha year in a study area with similar environmental and socio-economic characteristics (South Tyrol, Italy). Taking into account the labour and mechanization costs estimable in 1,200 €/ha the net yield of hay production is 200 €/ha year.
Finally, the gross value of livestock in Leiblachtal study area is 1,094,748 € per year (453 €/ha of grasslands per year). In the present analysis, the main components of livestock are the cows (844,139 € per year) and pigs (163,083 €/per year) as reported in Table 3 .
Regulating services.Protection against natural hazards. In literature, the forests protection against natural hazard is considered the most important ES in mountain areas both from an ecological and economic point of view (Merlo & Rojas Briales 2000) . The results of the present study confi rm the high level of importance of this forest function (Table 4) , in particular a value of 581 €/ha per year for the indirect protection forests and a value of 707 €/ha year for the direct protection forests were estimated. The economic value of grasslands protection against hydrogeological hazards is 213 €/ha year.
It is important to highlight that the economic values of hydrogeological protection of Alpine forests evidenced in other studies are comparable to the results of the present study. In fact, Goio et al. (2008) showed an average value of 212.2 €/ha year for the entire Province of Trento, while Notaro and Paletto (2012) in a small scale forest (Valdastico forest) evidenced a value of 284.2 €/ha year for the hydrogeological protection function. Finally, we point out that the evaluation of this ES is deeply infl uenced by the economic valuation method used.
Carbon storage. The results show that the amount of carbon storage in living forest biomass is 3.75 tC/ha year (3.13 tC/ha for aboveground biomass and 0.63 tC/ha for belowground biomass) corresponding to an average value of 21.1 €/ha year. This average value is strongly infl uenced by forest types as evidenced in Table 5 . The mixed forests composed by Norway spruce, silver fi r and European beech have annual increment signifi cantly higher than the other forest types (pure conifer and pure broadleaves forests). Consequently, the value of mixed forests is about 50.0 €/ha year, while for the pure conifer forests the value is 11.5 €/ha year and for the pure broadleaves forests is 6.5 €/ha year. The average value of this forest ecosystem service evaluated in the present work is similar to those estimated in other European case studies that showed values for the above-ground biomass included in a range between 6 and 40 €/ha year (Goio et al. 2008 , Hein 2011 , Šišak 2013 . In addition, a Spanish study that explored the populations' willingness to pay (WTP) for the afforestation of marginal agricultural lands to reduce the carbon dioxide in the atmosphere shows a value between 0.0004 € and 0.025 € per tCO 2 per person and year (Mavsar et al. 2014) .
The annual economic value of carbon storage in the grasslands is negative in the managed areas: -1.3 €/ha year for the meadows and -4.6 €/ha year for the pastures. In the grasslands the intensity of management has a negative relationships with the carbon storage, the Total annual value of hunting products in Leiblachtal study area Table 2 Number of farms, number of animals, LUs and value of livestock in Leiblachtal study area more the management practices are intensive, the more the carbon balance is negative. In the Leiblachtal study area, the total economic balance of carbon storage (forests and grasslands) is 63.2 €/ha year. It is important to highlight that the values of this ecosystem service are strongly affected by the changes in the carbon market price. According to the State of the Voluntary Carbon Markets (2014) the average voluntary carbon price decreases from 7.3 $/tCO 2 to 4.9 $/tCO 2 in the period 2008 (Peters-Stanley & Gloria Gonzalez 2014 . Similarly, the average carbon price of the Emission Trading Scheme of the European Union (UE-ETS) fl uctuated between 6 €/tCO 2 and 9 €/tCO 2 (period 2008-2012) .
Cultural services. The results of the metaanalysis for outdoor recreation show interesting differences due to the landscape pattern characteristics. The mean recreational value obtained is 10.57 € per visit per person in mountain forest areas. If compared to fl at areas, mountain forests seems to be more valuable for tourists. Zandersen (2008) , applying a meta-analysis for recreation in forests in the European northern countries, collected a database of recreational values for forests mostly located in fl at areas, obtaining much lower mean values. When applying the BT, it can be noticed that the total value of outdoor recreation in forests is, globally, about 84.5 thousand € (on average 33.8 €/ha year), while the total value of outdoor recreation in grasslands is about 109 thousand € (on average 54.1 €/ha year). The preferences of tourists for the open areas and the related higher willingness to pay is confi rmed from other studies (Notaro & Paletto 2011) . Besides, we investigated the benefi ts provided by different forest type and altitude. Based on the characteristics of the study area considered in the meta-analysis, we calculated the value of Economic values of protection against natural hazards by forests and grasslands in Leiblachtal study area mixed, conifer and broadleaves forests separately. This further analysis showed a high value for mixed forests (39.7 €/ha year) compared to the other forest types: pure conifer forests (18.2 €/ha year) and pure broadleaves forests (10.1 €/ha year). Tourists' preference for mixed forests is confi rmed in the literature, not only in WTP studies but also in qualitative works ) investigating visitors' preferences for forest landscape. Table 6 summarizes the values of outdoor recreation subdivided per forest type (mixed forests, pure conifer forests, and pure broadleaves forests) and altitude (above and below 1,000 m).
The average value of this study is relatively higher than the values estimated in Austria for the Grosser Ahornboden using the Travel Cost method (Glück & Kuen 1977) . Nevertheless, other studies in Europe evaluated the outdoor recreation in forests in a wide range of values from 0.66 € to 112 € per visit (Goio et al. 2008 , Bartczak et al. 2008 , Zandersen & Tol 2009 , Voces González et al. 2010 . This high variability is among other factors linked to the economic valuation methods used (i.e. contingent valuation, travel cost method, choice experiment), the distance to urban areas and/or recreational areas, the socio-economic characteristics of tourists (cultural differences).
Spatial distribution of benefits provided by ES
The spatial analysis of the results for category of ecosystem service shows that the highest values are for the provisioning services supplied by forests in a range between around 200 €/ha year and 1,400 €/ha year (Figure 3) . Grasslands are differentiated into two classes, depending on management. In particular, the productive forests and the managed meadows close to urban areas have the highest values, while the lowest values are found in the high mountain areas. These differences are mainly related to site productivity and to the different type of management.
The spatial location of regulating services values are in Figure 4 , for this category of ES the values are distributed in a range between 10 €/ha year and 760 €/ha year. The zones with near-zero values are meadows and pastures with a minor role with regard to the protection against natural hazards, while the highest values are found for the protective forests close to the settlements (direct protection).
The cultural services have low values when compared to the other two categories, the range vary from 5 €/ha year to 60 €/ha year ( Figure  5 ). These differences are due to the site characteristics (i.e. open areas or closed forests) and the geographical location (distance from roads and settlements).
Conclusions
The integration of economic values of different goods and services supplied by natural ecosystems in the decision making process is a relevant issue in the political agenda. In the last decades, after the article "The value of the world's ES and natural capital" (Costanza et al. 1997) , the literature on the economic valuValues of outdoor recreation by forest type and altitude Table 6 Note. Source: our elaboration starting from Grilli et al. (2014 Spatial location of regulating services benefi ts in the Leiblachtal study area Figure 4 Spatial location of provisioning benefi ts in the Leiblachtal study area Figure 3 order to increase the knowledge and information useful for the decision makers (i.e. policy makers, planners and managers). In particular, the spatial location of ES benefi ts estimated using standardized economic valuation methods is the key-point in order to provide credible and usable information. These information could support decision makers to understand which areas are the most attractive for tourism and with a greater value. Consequently, decision makers may adopt different management strategies for enhancing this forest function. The BT method, instead, was applied in order to evaluate the non-market benefi t of recreation in natural areas. Although the method is widely applied, the quality of the data are lower than those of primary studies, so the fi gures should be accurately examined. As Brookshire and Neill (1992) pointed out, the level of accuracy of BT is at the most equal to the original survey. The studies collected in the meta-analysis have very similar features to Leiblachtal, so the results appear to be reliable. Anyway, the possible distortions in the assessment should be taken into consideration while implementing the values in a policy making process. The quality of information in the planning zones is particularly relevant at regional or local scales. Within the context of the Recharge.green project, the discussed spatial information will be essential for a correct siting of the renewable energy. Renewable energy development is important for reducing greenhouse gas (GHG) emissions but, on the other hand, renewable energies can cause damages on the environment and reduce the stock of natural resources. Understanding the values of the ecosystems allows decision makers to know the most important areas for conservation that should be untouched in order not to lose the ecosystem value. At the same time, the places where harvesting renewable energies is more effective from the ecological point of view. The damages connected with the anthropic pressure may be limited if such pressure is enhanced in the places where the ES values most likely to be depleted is already low, the spatial analysis is particularly keen for this purpose.
Spatial location of cultural services benefi ts in the Leiblachtal study area Figure 5 
